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(57) ABSTRACT

An aerial micro-drone having a fixed wing supporting a pro-
pulsion device. The micro-drone has wheels for traveling on
the ground, which are attached to the side ends of a section of
the wing. The rotational axis Y1 of the wheels is located in
front of the center of gravity of the micro-drone. The center of
gravity of the micro-drone is located in front of the aerody-
namic center of the micro-drone. The rotational axis Y1 of the
wheels being aligned with the thrust axis of the propulsion
device and the wheels are sized such that the radius D/2
thereofis greater than the distance between the rotational axis
Y1 of the wheels and the trailing edge of the wing.

18 Claims, 6 Drawing Sheets
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1
REMOTELY CONTROLLED
MICRO/NANOSCALE AERIAL VEHICLE
COMPRISING A SYSTEM FOR TRAVELING
ON THE GROUND, VERTICAL TAKEOFF,
AND LANDING

CROSS-REFERENCE TO RELATED
APPLICATION

This application is the U.S. national phase of PCT Appli-
cation No. PCT/EP2012/055435 filed on Mar. 27, 2012,
which claims priority to French Patent Application No.
1152585 filed on Mar. 29, 2011, the disclosures of which are
incorporated in their entirety by reference herein.

The present invention relates to a remote-controlled micro/
nanoscale aerial vehicle comprising a system for taxiing,
vertical takeoft, and landing.

Context of the Invention and Problems Addressed

Micro/nanoscale aerial vehicles are being used more and
more frequently for remote-controlled surveillance or recon-
naissance missions, for example inside buildings. Such
devices are aircraft weighing as little as a few tens of grams to
several hundred grams, often having propellers driven by
electric motors.

The specific requirements for outdoor missions and mis-
sions inside buildings are quite different, with requirements
for stationary or precise flight inside buildings and the need
for fast flight so as to overcome the effects of wind outside.
Thus, microdrones intended for outdoor flight are often of the
fixed-wing type, whereas microdrones for reconnaissance
use in enclosed spaces are often of the rotary-wing type.
Vehicles having four ducted horizontal rotors, connected to a
central body by rigid spars, are in particular known in this
field.

Multi-mission requirements are now emerging, with none
of these conventional configurations being entirely satisfac-

tory.
SUMMARY OF THE INVENTION

With the aim of proposing a multi-mission microdrone, the
invention relates in a first instance to a microscale aerial
vehicle comprising a remote-controlled fixed-wing micro-
drone, having a longitudinal vertical plane of symmetry XZ,
said microdrone comprising propulsion means.

The microscale vehicle comprises wheels attached to the
lateral ends of a wing of the fixed wing surface of the micro-
drone, the axis of rotation Y1 of the wheels being parallel to
the transverse axis Y of the microdrone, this axis of rotation
Y1 of the wheels being located in the forward portion of the
wing,

the wheels having a diameter D such that the propulsion
means and the fixed wing surface do not project beyond the
cylinder defined by the two wheels.

Thus, as well as their taxiing function, the wheels also act
as protective structures for the microdrone.

According to various embodiments, which may be used in
combination:

The axis of rotation of the wheels Y1 is arranged, with
respect to the longitudinal axis X, forward of the center
of gravity of the microdrone such that, when the propul-
sion means provide no thrust, the weight of the micro-
drone itself tends to place it in a vertical plane, that is to
say in the vertical takeoff position.

10

15

20

25

30

35

40

45

50

55

60

65

2

The center of gravity of the microdrone is located, with
respect to the longitudinal axis X, forward of the aero-
dynamic center of the microdrone, providing the micro-
drone with static stability when in horizontal flight.

The axis of rotation of the wheels Y1 is aligned with the
axis of thrust of the propulsion means in order to avoid a
moment acting on the vehicle when these propulsion
means are in operation. “Aligned with” is to be under-
stood as meaning that the two axes intersect.

The side wheels can be removed from the wing simply by
pulling on the wheel hubs. Thus, the microscale vehicle
can easily be adapted to various missions involving or
not involving a taxiing phase or a phase of waiting on the
ground.

The axis of rotation Y1 of the wheels is located in the
forward portion of the wing, at a distance from the
leading edge which is between 5 and 20% of the chord of
the wing.

According to one advantageous embodiment, each side
wheel is connected to its hub by a collection of spokes,
wherein these spokes curve inward, each side wheel being
located in a longitudinal plane XZ close to the longitudinal
axis of a propulsion means, the curvature of the spokes match-
ing the profile of the wing, such that this profile does not
project beyond this curvature of the spokes.

According to another embodiment, each side wheel is con-
nected to its hub by a collection of spokes, wherein the side
wheels are substantially planar, their spokes being coplanar.
This arrangement increases the stability of the microscale
vehicle when it is moving on the ground.

According to one preferred embodiment, the wing com-
prises two elevons located on either side of the longitudinal
plane X7 of the microdrone, attached to the rear portion of the
wing and articulated about one and the same transverse axis.

The microscale vehicle then preferably comprises means
for controlling the elevons independently from one another so
as to make it easier to control.

More particularly, each of these elevons is secured to a
vertical stabilizer which is perpendicular to the plane of the
wing, these vertical stabilizers extending in opposite direc-
tions, such that movements ofthe elevons result in deflections
of the vertical stabilizers.

In this case, according to one favorable embodiment, the
vertical stabilizers of the microdrone are dimensioned such
that, when they are in the neutral position, i.e. not deflected,
the end of each of these vertical stabilizers projects slightly
and in the opposite direction beyond the cylinder defined by
the wheels.

More particularly, in this case, these ends are located in a
plane which is tangential to the cylinder defined by the
wheels.

In one preferred embodiment, the propulsion means com-
prise two counter-rotating propellers arranged on the forward
portion of the wing, with respect to the longitudinal axis X, on
either side of the longitudinal vertical plane of symmetry XZ
of the microscale vehicle.

The microscale vehicle preferably comprises means for
controlling the operation of the propellers independently of
one another so as to make it easier to control, both in flight and
on the ground.

In a second instance, the invention relates to a method for
controlling a microscale vehicle as disclosed when on the
ground, said method comprising:

deflecting the elevons so as to tilt the fuselage,

starting the propulsion means.

The invention also relates to a method for controlling a
microscale vehicle as disclosed along any inclined surface, in
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particular a wall or ceiling, comprising a control step of
keeping a component of the thrust of the propulsion means
oriented toward this surface.

Finally, the invention relates to a kit for converting a
remote-controlled fixed-wing microdrone, having a longitu-
dinal vertical plane of symmetry XZ, said microdrone com-
prising propulsion means.

The kit comprises:

what are termed side wheels,

means for attaching said side wheels to the lateral ends of

a wing of the fixed wing surface of the microdrone, the
axis of rotation Y1 of the side wheels being parallel to the
transverse axis Y of the microdrone,

the side wheels having a diameter D such that the propul-
sion means and the fixed wing surface of the microdrone do
not project beyond the cylinder defined by the side wheels
when these are installed on the microdrone.

BRIEF DESCRIPTION OF THE FIGURES

The following description, given purely as an example of
an embodiment of the invention, refers to the appended fig-
ures, in which:

FIG. 1 is a view in perspective of a microscale aerial
vehicle having a taxiing device;

FIG. 2 is a view similar to FIG. 1, with a single wingtip
wheel in the assembly position;

FIG. 3 is a view in perspective similar to FIG. 1, with the
horizontal control surfaces deflected in opposite directions,
showing how each is connected with a vertical stabilizer;

FIG. 4is aside view of the microscale aerial vehicle of FIG.
1, arranged vertically upright on the ground and ready for
takeoff;

FIG. 5 is a view similar to FIG. 4, with a microscale aerial
vehicle which is beginning to taxi. The horizontal control
surfaces are deflected symmetrically;

FIG. 6 is a view similar to FIGS. 4 and 5, with the vehicle
moving along the ground toward the left of the figure;

FIG.7 isaview from above of the microscale aerial vehicle
shown in FIG. 1;

FIG. 8 is a view from the rear of the microscale aerial
vehicle shown in FIG. 1;

FIG. 9 is a view in perspective of a microscale aerial
vehicle variant having another form of taxiing structure;

FIG. 10 is a view in perspective of another variant having a
different wing shape;

FIG. 11 is a view in perspective of another embodiment of
this invention;

FIG. 12 is a view in perspective of the embodiment shown
in FIG. 11, without a taxiing structure.

DETAILED DESCRIPTION OF AT LEAST ONE
PREFERRED EMBODIMENT OF THE
INVENTION

As shown in FIGS. 1 and 2, a taxiing drone 16 according to
the invention comprises, principally, a microdrone 40 to
which is fitted a taxiing and protection device 39.

In the present text, a microdrone is to be understood as a
remote-controlled or autonomous flying vehicle, generally
having a wingspan of several tens of centimeters. The follow-
ing description also applies to the case of nanodrones, whose
wingspan is generally less than ten centimeters.

The following are defined for the remainder of the descrip-
tion:

a longitudinal axis X located in a horizontal plane and in

line with the direction of motion of the microdrone 40;
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4

a transverse axis Y located in the horizontal plane and
perpendicular to the longitudinal axis X;

a vertical axis Z which completes this reference frame.

The terms “forward”, “rear”, “upper”, “lower”, “left,
“right” etc. will be defined with reference to these axes in the
remainder of the description.

The microdrone 40 comprises, first and foremost, a fuse-
lage 17 designed to accommodate, for example, a camera or
other equipment specific to the planned mission. The micro-
drone 40 further comprises a wing 18, the forward portion of
which is secured to the fuselage 17. As a non-limiting
example, the span of the wing 18 is in this case approximately
thirty centimeters and the chord length about fifteen centime-
ters. The fuselage and the wing are made of a lightweight
material in a manner known to a person skilled in the art of
microdrones.

The forward portion of the wing 18 supports two propellers
23, 24 which are driven by motors, for example electric
motors, wherein these propellers 23, 24 are arranged at the
front of the wing 18 on either side of the fuselage 17. These
propellers 23, 24 are in this case counter-rotating.

The motors for the propellers 23, 24 are controlled inde-
pendently, making it possible in horizontal flight to ensure
that the vehicle holds its course and, when on the ground, to
steer the vehicle by using the thrust generated by each pro-
peller by virtue of the propellers being arranged on either side
of'the longitudinal plane of symmetry of the microdrone. This
arrangement on either side of the longitudinal plane of sym-
metry also makes for simple assembly, in contrast to arrange-
ments comprising two propellers arranged on one and the
same axis, as these require in particular the use of a hollow
shaft and a complex and fragile drive mechanism.

Energy is supplied to the motors for the propellers 23, 24 by
batteries; the motors are controlled by an electronics which
are per se outside the scope of the present invention and are
therefore not explained in more detail here.

The wing 18 comprises two elevons 19, 21, located on
either side of the longitudinal axis X of the microdrone 40,
attached to the rear portion of the wing, and articulated about
one and the same transverse axis. These elevons 19, 21 are
controlled independently. Controlling the movements of
these elevons 19, 21 makes it possible, in a manner known per
se, to control the pitch and roll of the microdrone 40. The
control logic of the microdrone is outside the scope of the
present invention.

Each of these elevons 19, 21 is secured to a vertical stabi-
lizer which is perpendicular to the plane of the wing 18 in the
present example (and more generally not parallel thereto): the
left elevon 19 is secured to an “upper” vertical stabilizer 20,
located above the plane of the wing 18, and the right elevon 21
is secured to a “lower” vertical stabilizer 22, located below
the plane of the wing 18. The various movements of the
elevons 19, 21 thus result in the vertical stabilizers 20, 22
being deflected, as shown in FIG. 3.

The taxiing and protection device 39 of the taxiing drone
16 comprises two side wheels 25. Each of these side wheels
25 is attached to one lateral end of the wing 18 by means of a
hub 27 and an axial rod 30 which is inserted into a housing 29
created in the thickness of the wing 18. Each side wheel 25 is
free to rotate in its housing 29, for example by means of ball
bearings arranged inside said housing 29. In the embodiment
considered here, the side wheels 25 can be removed simply by
pulling on the hub 27.

The axis of rotation Y1 of the wheels 25 is thus parallel to
the transverse axis Y. This axis of rotation Y1 of the wheels 25
is located in the forward portion of the wing 18, in the present
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example at a distance from the nearby leading edge which is
approximately 10% of the chord of the wing 18.

More generally, the axis of rotation Y1 of the wheels 25 is
arranged forward of the center of gravity 31 of the microdrone
40 such that, when the propellers 23, 24 produce no thrust, the
weight of the microdrone 40 itself tends to place itina vertical
plane YZ, that is to say in the vertical takeoftf position.

Moreover, the center of gravity 31 of the microdrone 40 is
located forward of the aerodynamic center 32 of the micro-
drone, providing the microdrone with static stability when in
horizontal flight.

Finally, the axis of rotation Y1 of the wheels 18 is aligned
with the axis of thrust of the propellers 23, 24 in order to avoid
a moment of rotation acting on the vehicle when these pro-
pellers are in operation.

The diameter D of the wheels 25 is in this case approxi-
mately thirty centimeters. As shown in FIG. 4, this diameter D
is chosen such that the radius D/2 is greater than the distance
between the axis of rotation Y1 of the wheels and the trailing
edge of the elevons 19, 21. Similarly, this diameter D is
preferably such that the propellers 23, 24 do not project
beyond the cylinder defined by the two wheels 25.

The wheels 25 thus protect the propellers 23, 24 and the
wing 18 in the event of the microdrone 40 hitting an obstacle.

Each wheel 25 is connected to the corresponding hub 27 by
means of a collection of spokes 26, in this embodiment four
spokes, the number of spokes being in no way limiting.

As shown in FIGS. 7 and 8, in the present example these
spokes 26 curve inward, wherein each wheel 25 is located in
a longitudinal plane XZ which is close to the axis of a pro-
peller 23, 24.

The curvature of the spokes 26 matches the profile of the
wing 18, such that the latter does not project beyond this
curvature (see FIG. 7).

With a view to minimizing the weight of the microdrone,
the wheels 25 and the spokes 26 are in this case made of
carbon fiber or any other lightweight material.

In the present embodiment, the vertical stabilizers 20, 22 of
the microdrone 40 are dimensioned such that, when they are
in the neutral position, i.e. not deflected, the end 34, 35 of each
of these vertical stabilizers projects slightly and in the oppo-
site direction, in this case by several centimeters, beyond the
cylinder defined by the wheels 25. Moreover, these ends 34,
35 are located in a plane which is tangential to the cylinder
defined by the wheels 25 (see FIG. 4).

In this way, in the neutral position, with the taxiing drone
16 located on a horizontal plane, a position of stable equilib-
rium is established when the fuselage is arranged in the ver-
tical axis Z, with the vertical stabilizers 20, 22 resting with
their ends 34, 35 on the horizontal plane.

Mode of Operation

Starting from a resting position on a substantially horizon-
tal surface 33, as shown in FIG. 4, the taxiing drone 16 can of
course take off vertically by using its propellers 23, 24.

It is also possible to deflect the elevons 19, 21 so as to tilt
the fuselage 17 (FIG. 5). Then, starting the propellers 23, 24
in combination with this deflection of the elevons makes for
additional tilting of the microdrone 40 (FIG. 6), allowing it to
taxi under the action of the thrust of the propellers.

In the same fashion, it is possible to order the microdrone
to move across any plane or surface, in particular a wall or
ceiling, by keeping a component of the thrust of the propellers
23, 24 oriented toward this surface.

This concept can be applied to a large number of vertical
takeoft microdrones, by adding the taxiing system to the end
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6

of'a wing, provided that the wing is stiff enough. The inven-
tion therefore also relates to a kit for converting such a micro-
drone into a vehicle capable of taxiing.

ADVANTAGES OF THE INVENTION

It is understood that the device provides significant advan-
tages over the prior art.

This invention relates to a multi-mission microscale aerial
vehicle. It comprises elements allowing a microscale aerial
vehicle to move or roll across a surface, in particular on the
ground, and making it capable of taking off again once from
the ground.

The “taxiing structure” portion of the invention protects the
vehicle when flying close to an obstacle such as a wall, and
when it falls to the ground.

The arrangement of the propellers on either side of the
longitudinal plane of symmetry of the microdrone makes it
easy to control the drone when on the ground and in flight.

The ability to translate in the air is not necessary in certain
situations, such as missions inside a building.

In this case, translation on the ground, which uses less
energy, is sufficient to complete the mission. The ability to
move on the ground makes it possible to save energy and thus
to increase mission times for the vehicle.

Furthermore, the described configuration makes it possible
to take off again after a fall, in whatever position on the
ground.

The described microdrone has the ability to switch
between horizontal and vertical flight. This is in part due to
the counter-rotating propellers. Moreover, by using propel-
lers in a tractor configuration, it is possible to compensate for
the loss of effectiveness of the control surfaces in near-sta-
tionary vertical flight (due to the airspeed of the vehicle being
zero) in that these propellers generate an airflow over these
control surfaces.

ALTERNATIVE FORMS OF THE INVENTION

The scope of the present invention is not restricted to the
details of the above embodiments which are considered by
way of example, but instead extends to those modifications
which may be implemented by one skilled in the art.

In a first implementation variant, illustrated in FIG. 9, the
wheels 25 are replaced by planar wheels 44, the spokes of
which are coplanar. This arrangement increases the lateral
stability of the taxiing drone 16 when on the ground.

In a second variant (FIG. 10), the wing of the microdrone is
in the shape of an elongate octagon 45.

In yet another variant (see FIGS. 11 and 12), the micro-
drone 40 is of the biplane type, having a second wing 46
arranged below and to the rear of the main wing 45.

The invention claimed is:

1. A microscale aerial remote-controlled fixed-wing

microdrone, comprising:

a fixed wing having a longitudinal vertical plane of sym-
metry X7, having at least one propulsion device
mounted on the fixed wing; and

apair of side wheels attached to the lateral ends of the fixed
wing of the microdrone, the wheels having an axis of
rotation Y1 parallel to a transverse axis Y of the micro-
drone,

wherein, the side wheels have a diameter D such that the
propulsion device and the fixed wing do not project
beyond a cylinder defined by the two side wheels.
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2. The microscale vehicle as claimed in claim 1, wherein
the axis of rotation Y1 of the side wheels is arranged, with
respect to a longitudinal axis X, forward of a center of gravity
of the microdrone.

3. The microscale vehicle as claimed in claim 1, wherein
the center of gravity of the microdrone is located, with respect
to the longitudinal axis X, forward of an aerodynamic center
of the microdrone.

4. The microscale vehicle as claimed in claim 1, wherein
the axis of rotation Y1 of the side wheels is aligned with an
axis of thrust of the propulsion device.

5. The microscale vehicle as claimed in claim 1, wherein
the side wheels can be removed from the wing by pulling on
the wheel hubs.

6. The microscale vehicle as claimed in claim 1, wherein
the axis of rotation Y1 of the wheels is located in the forward
portion of the wing at a distance from the nearby leading edge
which is between 5 and 20% of the chord of the wing.

7. The microscale vehicle as claimed in claim 1, wherein
each side wheel is connected to the wheel hub by a collection
of spokes, wherein these spokes curve inward, each side
wheel being located in a longitudinal plane XZ close to the
longitudinal axis of a propulsion device, the curvature of the
spokes matching a profile of the wing, such that the profile
does not project beyond this curvature of the spokes.

8. The microscale vehicle as claimed in claim 1, wherein
each side wheel is connected to a vehicle hub by a collection
of spokes, wherein the side wheels substantially planar, the
spokes of each wheel being coplanar.

9. The microscale vehicle as claimed in claim 1, wherein
the wing comprises two elevons located on either side of the
longitudinal plane XZ of the microdrone, attached to the rear
portion of the wing and articulated about a common axis,
parallel to the aircraft transverse axis.

10. The microscale vehicle as claimed in claim 9, wherein
the vehicle comprises means for controlling the elevons inde-
pendently from one another.

11. The microscale vehicle as claimed in claim 10, wherein
the vehicle comprises two vertical stabilizers, perpendicular
to the plane of the wing, each attached to one of the elevons,
these vertical stabilizers extending in opposite directions,
such that movements of the elevons result in deflections of the
vertical stabilizers.
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12. The microscale vehicle as claimed in claim 11, wherein
the vertical stabilizers of the microdrone are dimensioned
such that, when the vertical stabilizers are in a neutral non
deflected position, the end of each of the vertical stabilizers
projects slightly and in the opposite direction beyond the
cylinder defined by the wheels.

13. The microscale vehicle as claimed in claim 12, wherein
the ends are located in a plane which is tangential to the
cylinder defined by the wheels.

14. The microscale vehicle as claimed in claim 1, wherein
the propulsion device comprise two counter-rotating propel-
lers arranged on the forward portion of the wing, with respect
to a longitudinal axis X, located on opposite sides of the
longitudinal vertical plane of symmetry XZ of the microscale
vehicle.

15. The microscale vehicle as claimed in claim 14, wherein
the vehicle comprises means for controlling the operation of
the propellers independently of one another.

16. A method for controlling a microscale vehicle as
claimed in claim 12 when on the ground, said method com-
prising:

deflecting the elevons; and,

starting the propulsion device.

17. A method for controlling a microscale vehicle as
claimed in claim 9 along any inclined surface, comprising
providing a control step of changing the inclination of the
elevons, to keep a component of the thrust of the propulsion
device oriented toward the surface, so as to allow the micros-
cale vehicle to roll on the inclined surface.

18. A kit for converting a remote-controlled fixed-wing
microdrone having a longitudinal vertical plane of symmetry
XZ, said microdrone having a propulsion device affixed to a
fixed wing, wherein the kit comprises;

a pair of side wheels, and

means for attaching said side wheels to distal ends of a

wing of the fixed wing microdrone, with the axis of
rotation Y1 of the side wheels being parallel to a trans-
verse axis Y of the microdrone,

wherein, the side wheels have a diameter D such that the

propulsion device and the fixed wing of the microdrone
do not project beyond the cylinder defined by the side
wheels when said wheels are installed on the micro-
drone.



